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Items  developed 
munitions  have a20-year 
shelf  life  requirajmentjoyera 
wide  temperature  range 

Developers  need  toiiprovett 
orage  reliability 
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At  Issue 
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Reservoir  Evolution 


Army  and  Navy  used  gb/MBF4/gb02 
reserve  batteries  with  glass  reservoirs 

O  veyjmeJt  was  discovered  that^^^ 

batteries  became  mpre^sensitiM£jto 

motivation  when  dropped 
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A  Common  Approach 


Put  samples  jn  high-temperature _ 

storage 

-  Rule-of-Thumb :  reaction  rates  double  with 
every  10°C  increase 


Potential  Drawbacks 


I  Previous  slide  predicts  aging  at  25 °C 
&  How  to  accelerate  aging  atjj  i glrte  m 

-Increase  beyond  J4°C  dfi5©.butjgsk 
i  nt  rod  u  ci  ng  .new, effects  orreactions 
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PS115:  A  Case  Study 


^  Dual-fluid,  copper  reservoir  design 

HH  Fluoboric  acid  electrolyte 

Methylene  bromide  (non-conductive.  more 
dense) 


Sequenced  release ofj  fluids 


4,  used  in  M732  fuze  sta 
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PS115:  Problems  Detected 
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leakage  was  noticed  rn 
engineering  samples 
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PS115:  Investigation 

Results 


Leakage  started  eadiei|and.  affeotgd  a  larger 
percentage  of  units  as  temperature  increased  up 
to  about  60 °Cjjj4Q°EL _ _________ 

Beyond  60^CJ|ick|^s  of  leakage  decreased 
sharply,  essentially  reaching  zero  at  about  71  °C 
ft  . . 
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ire¥ctfdns wiin  ins  other  reser voir  materials 

Jmo ve  jhF!?>  irWMIiO  sdraMiiy  w  copper  oeiPI 
prev*iedine™iijue  ojrcUnlsianoes  ihar caused 
pitting  corrosion  and  leakage 

High-temp  oake-oui  of  reservoir  was  Initial  “cure 


A  Better  Approach 
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Store  atat  leasfethree 
temperatures 
determine  reaction  rates 
detect.chanqesjn  behavior 

Useanaii/ftipal  chem istry 
BBoptical  techniques  to 
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Determine  whet  is 
happenfficj"  end  hoW  fad! 


Temperature  (°K) 


Change  in  Chemistry 
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Lead  is  pretty  much  history  in  munitions  batteries 
K9 Environmental  concerns,  lack  of  business 
■aNon-avai  lability  of  some  critical  materials 

Lithium  Oxyhajjdes  argjsystems  ofLChojce _ 

Good  history  with  single-cell,  glassj^ejftpi|Uj 
(barrier  munitions,M7£2jtime  fuze) 
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issiles  use  iheial  reservoirs 

-  '10-year  shelf  life? 

-  Treated  better? 


Concerns  wit[|Oxyhalide 

Electrolytes 


iVery  few  materials  are  compatible 

Extremely  moisture  sensitive 

Reaction  products  include  HCI,  S02,  Cl2, 

j^04 

Someiadditives/i^nstitaenteratncauseaM 
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ourrord  programs 
-  Solid  ibmjiPcj  id  oiobirbJyio? 


From  the  Literature 


Generally  speaking,  several  metals  exhibit 
good  corrosion  resistance  to  neutrdlj|HH| 
electrolytes  (Li AICI4  in  thipnyl  chloride  and 
sulfuryl  chloride) 

Using  AICI3  creates  a  much  more 
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-  ri^qrr^ir^rl  ( weld  dll)  fitesis 
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-  crevice  regions 


Recommendations 


Start  |horouglft  compatibility  studies 
as earlvas  possible,  using 
representative  hardware 

Assume  studies  will  take  some  lime 
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ARL’s  Contribution 
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Retain  in-house  Government  expertise 

jSuppojt, contractor’s  development  efforts 

Conducgcomplementary  testing  and 
analysis 


Work  to  ensure  the 
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